Introduction
Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) syndrome is a severe and potentially life-threatening hypersensitivity reaction caused by exposure to certain medications (Phillips et al., 2011; Bocquet et al., 1996) . It is extremely heterogeneous in its manifestation but has characteristic delayed-onset cutaneous and multisystem features with a protracted natural history. The reaction typically starts with a fever, followed by widespread skin eruption of variable nature. This progresses to inflammation of internal organs such as hepatitis, pneumonitis, myocarditis and nephritis, and haematological abnormalities including eosinophilia and atypical lymphocytosis (Kardaun et al., 2013; Cho et al., 2017) .
DRESS syndrome is most commonly classified according to the international scoring system developed by the RegiSCAR group (Kardaun et al., 2013) . RegiSCAR accurately defines the syndrome by considering the major manifestations, with each feature scored between −1 and 2, and 9 being the maximum total number of points. According to this classification, a score of < 2 means no case, 2-3 means possible case, 4-5 means probable case, and 6 or above means definite DRESS syndrome. Table 1 gives an overview of the RegiSCAR scoring system. DRESS syndrome usually develops 2 to 6 weeks after exposure to the causative drug, with resolution of symptoms after drug withdrawal in the majority of cases (Husain et al., 2013a) . Some patients require supportive treatment with corticosteroids, although there is a lack of evidence surrounding the most effective dose, route and duration of the therapy (Adwan, 2017) . Although extremely rare, with an estimated population risk of between 1 and 10 in 10,000 drug exposures, it is significant due to its high mortality rate, at around 10% (Tas and The pathogenesis of DRESS syndrome remains largely unknown. Current evidence suggests that patients may be genetically predisposed to this form of hypersensitivity, with a superimposed risk resulting from Human Herpes Virus (HHV) exposure and subsequent immune reactivation (Cho et al., 2017; Husain et al., 2013a) . In fact, the serological detection of HHV-6 has even been proposed as an additional diagnostic marker for DRESS syndrome (Shiohara et al., 2007) . Other potential risk factors identified are family history (Sullivan and Shear, 2001; Pereira De Silva et al., 2011) and concomitant drug use, particularly antibiotics . DRESS syndrome appears to occur in patients of any age, with patient demographics from several reviews finding age ranges between 6 and 89 years (Picard et al., 2010; Kano et al., 2015; Cacoub et al., 2013) . DRESS syndrome was first described as an adverse reaction to antiepileptic therapy, but has since been recognised as a complication of an extremely wide range of medications (Adwan, 2017) . In rheumatology, it has been classically associated with allopurinol and sulfasalazine, but has also been documented in association with many other drugs including leflunomide, hydroxychloroquine, febuxostat and NSAIDs (Adwan, 2017) . Recent evidence has also identified a significant risk of DRESS syndrome with strontium ranelate use (Cacoub et al., 2013) . Thus far, that is the only anti-osteoporotic drug associated with DRESS syndrome, although there are various cases of other adverse cutaneous reactions linked to anti-osteoporotic medications, ranging from benign maculopapular eruption to Stevens-Johnson syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) . Denosumab, an antiresorptive RANK ligand (RANKL) inhibitor licensed for osteoporosis, is currently known to be associated with some dermatological manifestations including dermatitis, eczema, pruritus and, less commonly, cellulitis (Prolia, n.d.).
We hereby describe the first documented case of DRESS syndrome associated with denosumab treatment.
Case presentation
The patient is a 76-year old female with osteoporosis and a background of alcoholic fatty liver disease and lower limb venous insufficiency. Osteoporosis was first diagnosed in 2003 and treated with risedronate, calcium and vitamin D, until 2006. While on this treatment, the patient sustained T12 and L3 fractures, the latter treated with kyphoplasty, and was therefore deemed a non-responder to risedronate. From December 2007 until June 2009, she was treated with teriparatide, and in July 2009, was switched back to risedronate. She remained on risedronate until May 2015, when a switch to denosumab (60 mg subcutaneous 6-monthly injections) was made due to poor adherence to oral medication, with a plan to review the patient after 12 months.
The first injection was self-administered with no side effects in June 2015. The second injection was administered in December 2015. Ten days later the patient presented to her General Practitioner (GP) with sudden-onset fever, diffuse pruritic erythematous skin rash, facial swelling ( Fig. 1 ) and non-productive cough.
Blood tests requested by the GP revealed marked eosinophilic leucocytosis (WBC 12,200 × μL −1 , Eo 5500 × μL −1 [46%]) with otherwise normal FBC and increased IgE levels at 254 IU/mL. Faecal parasites test came back as negative. Notably, FBC checked in May 2015 and November 2015 was normal.
The manifestations were interpreted as an allergic reaction and a course of anti-histamines was prescribed by the GP. When the symptoms did not subside, referral was made to an allergist with special interest in respiratory diseases in February 2016. At physical examination multiple enlarged submandibular and cervical lymph nodes were noted, but no abnormal findings were found on lung auscultation. The patient was also referred to the haematology clinic where no further abnormal findings were reported.
The specialists were unable to formulate a definitive diagnosis and Table 1 RegiSCAR-group scoring system for DRESS syndrome* (criteria fulfilled by the case described are highlighted in grey and give a total score of 7 consistent with 'definite DRESS syndrome'). 
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Evaluation of other causes
At least 3 negative biological investigations excluding alternative diagnoses 0 1 0 instigated further investigations, including chest X-ray, additional blood tests, lung function tests (LFT), ultrasound scan of the abdomen and blood smear test. Chest X-ray showed no abnormal findings, while LFT revealed mild restrictive changes and severe obstructive changes at distal airways. Ultrasound scan of the abdomen confirmed previous changes consistent with severe fatty liver disease; of note, enlarged hepatic hilar lymph nodes, previously unreported, were also disclosed. Blood tests showed normalisation of WBC count while eosinophilia was confirmed; protein electrophoresis showed hypergammaglobulinemia (21.6 g/dL); ANA were positive (320 Titre Units, speckled pattern) with otherwise negative dsDNA Ab, ENA screen and ANCA, and normal complement levels.
No morphological abnormalities of leucocytes were reported at blood smear test and consequently the patient was discharged from the haematology clinic with a diagnosis of 'eosinophilia likely of allergic origin'.
Notably, in February 2016 a urinary tract infection was diagnosed and a course of amoxicillin/clavulanate was prescribed.
In May 2016, the patient was admitted to the cardiology ward after presenting to the Emergency Department with chest pain and nausea. In view of increased myocardial enzymes (troponin I 309.2 ng/L, myoglobin 164.5 ng/mL), an acute MI was initially suspected. However, a coronary angiography performed during the admission revealed no abnormalities, making the diagnosis less likely. ECG findings were therefore felt to be consistent with possible pericarditis. Subsequently, a heart MRI scan revealed mild pericardial effusion, but no findings consistent with myocardial damage or dysfunction. Myocardial enzymes normalized within 5 days and eventually a definitive diagnosis of non-specific myopericarditis was made. Unfortunately, 1 week later the patient was moved to the general medicine ward after developing abdominal pain and general malaise. Blood tests showed increased creatinine and urea (creatinine 2.14 mg/dL, BUN 41 mg/dL, eGFR 22 mL/ min), increased IgA and IgG gamma-globulins (1202 and 3272 mg/dL, respectively), and eosinophilia (WBC 10750 × μL −1 , Eo 3300 × μL −1 , 31%). A diagnosis of acute kidney injury (AKI) was made. Again, no cause was identified, but the patient was treated with IV fluids and diuretics with prompt normalisation of creatinine (0.97 mg/dL at discharge). Treatment with amlodipine was prescribed at discharge alongside amiloride/hydrochlorotiazide continuation.
The patient was followed up in the rheumatology clinic in June 2016. She reported progressive improvement of the skin rash over a 6month period but persistent general malaise and itchy skin. Blood tests still showed raised gamma-globulins, but no eosinophilia; liver function tests and creatinine were normal. At this point, a diagnosis of likely DRESS syndrome due to denosumab was made. Treatment was therefore discontinued and patient was restarted on risedronate. Steroids were not started as the symptoms were deemed mild at that time.
Review was intended for 6 months but the patient was lost at followup until July 2017. At this point she was well with no systemic symptoms except persistent fatigue. Blood tests at this point were all back to baseline.
Discussion
Clinical presentation
This is the first documentation of DRESS syndrome in response to denosumab. After initial clinical suspicion, a definite diagnosis of DRESS was confirmed following accurate review of the patient's clinical history and test results, using the RegiSCAR criteria as showed in Table 1 .
In fact, nearly all of the classical cutaneous and multi-system effects were seen, and the course of the reaction was protracted as is typical of DRESS syndrome, with relapses occurring for weeks at a time over the course of several months (Corneli, 2017) . Fig. 2 shows a timeline of clinical features and eosinophils trend over time.
A literature search showed several predisposing factors for development of DRESS syndrome. The most commonly cited is HHV-6 infection markers (Cho et al., 2017; Husain et al., 2013a) . Unfortunately, we were unable to test this on our patient. Another factor was family history (Sullivan and Shear, 2001) which is uncertain in this patient, although this does not rule out genetic susceptibility (Sullivan and Shear, 2001) . It is most interesting to note that concomitant drugs have been reported to be an aggravating factor in the development of DRESS (Sullivan and Shear, 2001; Pereira De Silva et al., 2011) , in particular amoxicillin . The mechanism of this is not fully understood. The patient was administered antibiotic treatment in February 2016 and also possibly in May 2016. This could have contributed to sustain and perpetuate the clinical manifestations of the reaction. This can be seen in Fig. 2 which shows the timeline of manifestations in relation to denosumab administration and subsequent antibiotic use.
An unusual feature of this presentation was the hypergammaglobulinaemia that was detected several times, on admission and on follow-up in rheumatology outpatient clinic. Conversely, hypogammaglobulinaemia has been previously significantly associated with DRESS, the mechanism of which is not fully understood (Boccara et al., n.d.) .
Denosumab was identified as the cause of the reaction through a process of elimination as described by the RegiSCAR group (Kardaun et al., 2013) . In our clinical case, denosumab was the only drug newly initiated, with the patient's other medications (lactulose and amiloride/ hydrochlorotiazide) both taken long term with no adverse cutaneous effects; DRESS onset, however, occurred 10 days after the second injection of denosumab.
DRESS syndrome is a delayed allergic response to drugs, which are generally administered for several days before DRESS onset (e.g. antibiotics or allopurinol) (Agier et al., 2016) . In the case of denosumab, due to its long half-life, the second administration of the drug is scheduled after 6 months. It is therefore possible to hypothesise that such a delayed reaction may be observed not after the first injection but after a following one. Alternative diagnoses were also considered, such as ANCA-negative granulomatous poliangiitis with eosinophilia being this subset of patients more likely to have heart involvement without asthma or rhinosinusitis (Sokolowska et al., 2014; Comarmond et al., 2013) . However, no evidence of necrotizing vasculitis was found and this diagnosis was therefore ruled out. Similarly, a diagnosis of systemic lupus erythematosus was excluded as patients with this connective tissue disease usually show complement consumption when kidney or heart are involved and, also, the clinical picture tends to worsen without steroid therapy.
Denosumab
Denosumab is the first product developed to reduce bone resorption by inhibiting RANKL binding to RANK and was initially approved in 2010 for the treatment of osteoporosis in postmenopausal women and men at increased risk of fractures. It is currently also licensed for fracture prevention in bone loss secondary to hormone ablation in men with prostate cancer and systemic glucocorticoid treatment, and used in oncology for the treatment of bone metastases and unresectable giant cell tumour of bone (Prolia, n.d.; Green, 2010) . Data drawn from phase II and III clinical trials, as well as post-marketing surveillance, have shown that denosumab when used for treating osteoporosis and bone loss is relatively safe, with few associated risks (Prolia, n.d.; Watts et al., 2012) . Cutaneous side effects originally reported in a randomized controlled study were eczema and rash, and uncommonly, cellulitis. However, a subsequent analysis found the incidence of cellulitis to be not significantly increased (Ronceray et al., 2012) .
Most cases of DRESS syndrome have been reported from oral medications with daily doses (Kardaun et al., 2013; Pereira De Silva et al., 2011) . This case appears to be unique in the literature, having resulted from a one-off subcutaneous administration. With regards to route of administration, we found one case of DRESS as a reaction to subcutaneous enoxaparin, but in this case the drug was administered daily for 15 days before onset of the reaction (Chen et al., 2013) .
The characteristic delayed onset of DRESS syndrome may be due to the incubation period needed for sensitisation to the offending drug (Husain et al., 2013b) or possibly due to the time taken for reactivation of host viruses implicated in the pathogenesis of the reaction (Corneli, 2017) . Ten days is a relatively rapid onset compared to average delay in onset of DRESS (Kardaun et al., 2013) . Interestingly, trials have shown that peak concentrations of denosumab are detected in the serum in an average of 10 days (Chen et al., 2013) . However, the reaction followed the second denosumab subcutaneous injection and therefore occurred around 6 months after the first exposure to the medication.
It is also worth noting that the mainstay of DRESS management is removal of the offending drug, which leads to an average recovery time of 6-9 weeks [5, 36] . However, due to the distinctively long half-life of denosumab, this was not possible. The average half-life of denosumab is 26 days, with subsequent decline occurring over a period of four to 5 months (Chen et al., 2013) . Thus, the patient will have been continuously exposed to the drug over this period of time, as though she were continuing to take the medication. This, along with concomitant antibiotic use, may explain why the patient had such a prolonged reaction with several peaks in her presentation, initially presenting with rash, fever and pneumonitis, later with myopericarditis, and after that again with AKI.
Conclusion
DRESS syndrome should be considered when a patient presents with a sudden onset widespread rash, eosinophilia, and a multitude of new systemic organ dysfunction of unexplained aetiology. This patient was assessed by several physicians for many different clinical manifestations, but DRESS was not recognised or linked to the denosumab administration until 6 months later. This implies that better recognition of DRESS syndrome is needed, as well as awareness of the possibility of this reaction in patients taking denosumab.
The characteristically delayed onset of DRESS syndrome means that the culprit drug is often difficult to identify. This is particularly difficult when patients have multiple existing co-morbidities and medications. Patients should be made aware of this rare reaction following denosumab in order to facilitate a quicker consideration of the culprit drug and improve the diagnosis of DRESS. This is of particular significance when prescribing denosumab and other anti-osteoporotic drugs given in periodic doses or infusions, as both patients and clinicians are less likely to link the development of symptoms to one dose of medication taken up to 6 weeks previously. Thus, this case highlights new therapeutic considerations for prescription of anti-osteoporotic medications, and in particular, denosumab. 
